Introduction
Numerous clinical investigations have demonstrated that calcium supplementation can retard bone loss among adult women. 1-7 However, inconsistent results from prospective studies and interventions trials '4 have not provided strong support for a positive association between adult calcium intake and osteoporotic fractures. Though bone fragility may be largely explained by low bone mass,'5 '6 direct investigation of the effects of diet on bone fractures is warranted because characteristics of bone other than mass, such as microscopic fatigue damage and the loss of connectivity in supporting trabeculae,'7 contribute to fracture risk.
Furthermore, foods high in calcium may contain other factors that influence fracture risk.
The present study expands upon previous work by observing a large cohort of women for 12 years with repeated measures of dietary intake and ongoing reporting and characterization of bone fractures by level of trauma. We focused our investigation on milk and dietary sources of calcium, rather than the use of calcium supplements, in order to examine the validity of public health messages and advertisements that advise women to increase their milk consumption for the prevention of osteoporosis. Methods ' 
Food and Nutrient Assessment
The 1980 food-frequency questionnaire covered 61 food items, 6 of which were dairy foods: skim or low-fat milk, whole milk, yogurt, ice cream, cottage cheese, and hard cheese. The questionnaire was expanded for the 1984 and 1986 data collections and four dairy items were added: cream or whipped cream, sour cream, sherbet or ice milk, and cream cheese. Information on the use and daily dosage of supplemental calcium was collected in 1982 and on all subsequent biennial questionnaires.
In validation studies in which the 1980 questionnaire was compared with multiple weeks of diet records, correlations were 0.81 for skim or low-fat milk, '8 0.62 for whole milk,'8 and 0.57 for dietary calcium. ' CSimultaneously adjusted for questionnaire time period; age; body mass index (quintiles); menopausal status and use of postmenopausal estrogen (premenopausal, postmenopausal-never user, postmenopausal-past user, postmenopausal-current user); cigarette smoking (never, past, current); amount of vigorous activity (quintiles); use of thyroid hormone medication and thiazide diuretics (yes or no); and alcohol, caffeine, and total energy intakes (quintiles).
dLinear trends across categories of milk consumption with the median value used in each category. aSimultaneously adjusted for questionnaire time period (2-year intervals); age (5-year intervals); body mass index (quintiles); menopausal status and use of postmenopausal hormones (premenopausal, postmenopausal-never user, postmenopausal-past user, postmenopausal-current user); cigarette smoking (never, past, current); and adult (1980) milk consumption.
bTeenage diet was reported in 1986. Hip and forearm fractures occurred between 1980 and 1992.
CLinear trends across categories of milk consumption with the median value used in each category.
Discussion
These data suggest that more frequent milk consumption and higher dietary calcium intakes in middle-aged and older women do not provide any substantial protection against hip or forearm fractures. Increased consumption of milk and dairy foods, which are sources of both calcium and vitamin D, have been found to improve calcium balance24 and to lower rates of bone loss in the spine25 and femoral neck26 in clinical trials with adult women. However, it is possible that the observed improvements were transient effects of bone remodeling that may not be sustained in the long term. 27 Calcium is essential for building peak bone mass,28'29 but the extent to which adult milk consumption helps to maintain bone structure is unknown. Drinking more than one glass of milk per day as an adult eliminated a positive association between lifetime caffeine intake and reduced bone densities at the hip and lumbar spine,30 and drinking milk with every meal in adulthood was significantly associated with higher bone density at the midradius, spine, and hip.3'
However, milk consumption in childhood, adolescence, and adulthood are often highly correlated, making it difficult to determine which periods are truly responsible for the higher adult bone densities. Higher milk consumption during childhood and adolescence has been associated with higher radial, femoral, and vertebral bone densities in studies with middle-aged and older women,32-34 while the relationships with adult milk consumption were either null or positive but not significant. Although not statistically significant, our finding of a possible beneficial effect of teenaged milk consumption on risk of adult hip fracture is compatible with these studies.
In dairy-consuming regions of China and Yugoslavia, women had higher radial bone densities35 and a lower rate of hip fracture,36 respectively, than women living in regions with low dairy intake. In both reports, the authors believed that the results were due to the formation of higher peak bone densities among those in the dairy regions. In fact, although the metacarpal cortical area was greater for women in the dairy region of Yugoslavia, the difference decreased with age, suggesting that higher calcium intakes did not retard age-related bone loss.
Numerous clinical studies have demonstrated reduced bone loss in the radius,'-4 spine,46 and proximal femur47 with calcium supplementation, particularly in older women and when diets are low in calcium.37'38 However, demonstrated reduction in bone loss over the 2 or 3 years of most clinical trials may not substantially alter the risk of fracture if bone remodeling reaches a new steady state27 or if trabeculae remain disconnected.'7 A 45% reduction in vertebral fractures was reported among elderly women after 4 years of calcium supplementation,13 but only among those who entered the study with a previous vertebral fracture, and 43% fewer hip fractures were observed after 18 months in calciumtreated women,9 although the results cannot necessarily be attributed to calcium since the women also received a vitamin D supplement.
Of the previously published prospective population studies of calcium and hip fractures, only one reported a protective effect. Holbrook 41 With a fourfold difference in calcium intake between the 10th and 90th population percentiles, it seems unlikely that the lack of association between dietary calcium and fracture risk in our cohort can be due to insufficient variation in diet. Misclassification of calcium intake could attenuate associations, but it would not explain the positive association observed between dietary calcium and hip fractures. Also, the same food-frequency questionnaire was used to detect a clear inverse association between calcium intake and kidney stones in a population of men. 42 We cannot exclude the possibility that fracture risk might be decreased at dietary levels above those obtained in our cohort.
This study was limited by the fact that the women in our population were relatively young for hip fractures. However, we continued to see no beneficial effect of higher milk consumption on hip fracture risk even when analyses were limited to women over 60 years of age. Our cohort also exhibited relatively low age-adjusted incidence rates for hip fracture compared with those reported from national hospital discharge data,43 which may limit the generalizability of our results.
Many of the known and suspected factors that affect bone density were measured and included in multivariate analyses. However, unmeasured factors might still confound the observed relationships between diet and fracture incidence. For example, supplemental vitamin D has been shown to reduce fracture incidence among elderly men and women,44 and therefore measurement of sunlight exposure as a proxy for endogenous production of cholecalciferol may be an important factor in assessing fracture risk.
Recall bias is not a concem in this study since the dietary data were collected prior to fracture incidence. The recall of teenaged diet was collected after followup was begun, although we The results of this study are most directly applicable to middle-aged White women in the United States. Although it is possible that therapeutic levels of calcium supplementation may protect against osteoporotic fractures at particular bone sites and in defined groups of women, it is unlikely that high consumption of milk or other food sources of calcium during midlife will confer substantial protective effects against hip or forearm fractures. Cl
